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Abstract 
This paper presents the design, fabrication and testing of deterministic ratchets which are used for fractionation purpose. Ratchets 
with different configuration are prepared to determine particle trajectories with different sizes. Silicon based MEMS technology 
is used to fabricate devices containing arrays of obstacles with varying size, spacing and number. The arrays of high aspect ratio, 
7-20μm wide, silicon pillars are defined and etched in 60 to 80µm deep microchannels using Deep Reactive Ion Etching (DRIE). 
The working modes of the ratchets are demonstrated using colloidal suspensions of latex particles which have an average 
diameter ranging between 2 and 6μm. 
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1. Introduction 
Microfluidic devices are quite relevant for sorting and fractionation of particles, cells and DNA. A number of 
separation methods based on membranes have been proposed [1,2], but they often suffer from particle accumulation 
above the membrane surface. Deterministic ratchets appear to be a promising alternative for particle size based 
fractionation of concentrated suspensions [3].  
Fractionation with deterministic ratchet follows the flow line sieving principle [4]. Flow line sieving uses the 
interaction between the driving flow field and the steric interactions of suspended particles with confining walls or 
solid obstacles placed in the flow field. Outlets in the confine walls and the obstacle act as the stagnation points in 
the flow fields which are connected by dividing streamlines. These dividing streamlines are the boundary of so-
called flow lanes. 
The ratchets consist of periodic arrays of obstacles in a microchannel, characterized by several geometric 
parameters as indicated in fig.1. The shift of two adjacent rows,Δλ, is a fraction of the distance between the centers 
of the obstacles, λ =NΔλ. The ratio between the particle radius and the critical lane width determine the 
fractionation of the suspension. The small (compared to the critical lane width) particles move through the periodic 
array with zigzag motion, while displacement motion occurs for large particles as explained in fig 2. 
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Fig.1: Geometric parameters of a deterministic ratchet illustrated in a periodic cell containing 3 obstacle rows. Ro is the radius 
of the obstacle, Dx and Dy are the gap width between obstacles parallel and perpendicular to the flow direction, respectively. Δλ 
is the shift of adjacent rows perpendicular to the flow direction: λ = NΔλ. 
 
 
Fig.2: The gap between obstacles is divided into a number of flow lanes, which is equal to N = λ/Δλ = 3. Particle motion: A) 
Zigzag mode for particles with radius smaller than the lane width. B) Displacement mode for particles  with radius larger than 
the lane width. 
2. Experimental & Results 
Using Si-based MEMS technologies obstacles with pre-defined geometries and accurate sizes and locations 
within deep micro-channels can be fabricated and integrated in lab-on-a-chip systems. Configurations with N 
between 3 and 10, and varying distances between obstacles (0.5≤Dx/Dy≤3, 0.6≤Ro/Dy≤0.9) are tested. Figure 3 
shows the main steps of the fabrication process. The 2.5μm and 6μm SiO2 layers deposited and patterned on the 
front and back sides of a silicon wafer (3a), are used as a hard mask during the DRIE etching of the silicon obstacles 
(3b). These obstacles are high aspect ratio cylindrical pillars with a width between 7 and 20μm and height of 60-
80µm. After removing the SiO2 hard mask, the ratchet structures are oxidized. The 100nm thermal oxide layer on 
the surface (3c) insures a hydrophilic surface for a better wetting. Finally, a glass wafer is used to seal the channels 
and to allow the observation of particle trajectories (3d).   
 
 
 
 
 
 
 
 
 
 
 
Fig.3: Schematic drawing of the fabrication process. 
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The anisotropic etching of Si with high aspect rario is carried out in an Adixen (AMS100 I-speeder) using the 
Bosch process [5]. Each single stage of the process consists of the following steps: (a) anisotropic etching using SF6 
chemistry, (b) sidewall passivation using C4F8 chemistry, and finally (c) passivation removal by O2 plasma. The 
etching parameters employed are summarized in Table 1. Figure 4 shows the SEM image of a fabricated array of 
silicon obstacles in a microchannel.  
 
Table 1: The main parameters used for the in-situ isotropic and anisotropic etching steps 
 
Parameters Value 
 Isotropic 
etching 
Anisotropic 
etching 
SF6 (sccm) 
C4F8 (sccm) 
Power(W) 
Pressure(mbar) 
Temperature (oC) 
400 
- 
1500 
2.3x10-2 
-10oC 
400 
280 
1500 
2.3x10-2 
-10oC 
 
 
Fig.4: SEM images of the 60μm height  silicon obstacles etched by a highly anisotropic DRIE process. 
 
The chip was placed in a module (Fluidic connect 4515) from Micronit microfluidics B.V., the Netherlands. The 
module has connecting holes directly underneath the inlet and outlet holes in the chip. In one of these holes in the 
module a HPFA/PEEK tube (internal diameter 50 μm) is placed. The HPFA/PEEK tube is connected to a syringe 
(1000 μL, Hamilton) placed in a syringe-pump (Harvard Apparatus model 11 plus) that was set at rates of 3-10 
μL/hr.  
Colloidal suspensions of latex particles with different sizes are used to test the ratchets. The latex particles 
(surfactant-free, sulfate polystyrene, density 1.055 g/ml, Interfacial Dynamics Corporation, USA) have mean 
diameters of 2.3 (8% W/V), 3.4 (8% W/V), 4.0 (4% W/V), 5.0 (4% W/V), and 6.0 (4% W/V) μm and are suspended 
in demineralised water.  
To observe the particle trajectories, an optical microscope and a high-speed camera are used. A particle in each 
frame is labeled and colored and then all frames are superimposed. The particles motion through the devices are 
studied using a Zeiss uplight microscope equipment (type Axioplan) equipped with a motion Pro high-speed camera 
(Redlake MASD Inc., San Diego), connected to a computer. The camera is operated with MIDAS software. 
Depending on the size and the speed of the object and required quality of the movie, we used a magnification of 10-
100, a frame rate 100-250 frames/sec. 
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To determine the particle positions, each frame image in the movie is converted to a gray-scale image and 
enhanced the contrast as explained in background image section. Then the image is subtracted from the background 
image. The subtracted image is then converted to the binary image having values of 0 (black) for all pixels in the 
subtracted image with luminance less than the threshold and 1 (white) for all other pixels. Next, we removed from a 
binary image all connected components (particles) that have fewer than the threshold of pixel, producing another 
binary image. Figure 5 shows the movement of particles with a nominal radius of 1.75 and 2.5 μm through a 
deterministic ratchet based on the design of N=6 and Dx/Dy = 2, giving a critical lane width df,c = 2.15 μm. 
 
Fig.5: View through a microscope of periodic cells of a fabricated deterministic ratchet based on the design of N=6 and Dx/Dy 
=2, dfc =2.15μm, showing A) zigzag motion of a small particle (r = 1.75μm) and B) displacement motion of a large particle (r = 
2.5μm). 
3. Conclusions 
Deterministic ratchets with different configurations which are used for fractionation purpose are prepared using 
MEMS technology. The arrays of high aspect ratio, 7-20μm wide, silicon pillars with varying size, spacing and 
number are defined and etched in 60 to 80µm deep microchannels using Deep Reactive Ion Etching (DRIE). The 
working modes of the ratchets are demonstrated using colloidal suspensions of latex particles which have an average 
diameter ranging between 2 and 6μm. The zigzag motion of a small particle (r = 1.75μm) and displacement motion 
of a large particle (r = 2.5μm) are observed. 
These initial results clearly indicate that deterministic ratchets fabricated using silicon MEMS technologies are 
suitable for micron-size particle fractionation without suffering from particle accumulation or clogging. 
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